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SYSTEM AND METHOD FOR EVALUATING due to x-ray tube problems require sample times in the range 

AND CALIBRATING A RADIATION of 10-50 microseconds. Devices with analog electronics 

GENERATOR having a bandwidth of 1 kHz and 10 KHz analog- to-digital 

converter system can not detect these problems. 

TECHNICAL FIELD 5 For self -consistent x-ray measurements, radiation param- 

The present invention generally relates to a system for <*ere 10] such as kVp. HVL, mA, exposure time, 

evaluating and tuning a radiation generator. In particular, the exposure or kerma should be evaluated at the same time for 

present invention relates to an apparatus intended for (a) an exposure. Corresponding waveforms should be processed 

performance evaluation of an x-ray generator, (b) evaluation for the same exposure as well. If this can be accomplished, 

of associated imaging system signals for servicing, (c) 10 lhis device would reduce number of exposures for 

optimization of radiographic parameters for image contrast, evaluation, identify system performance with minimal 

patient entrance exposure and x-ray tube loading, and (d) on uncertainty and self-consistency. 

line feed back of performance parameters to x-ray generator Non-invasive methods of estimating kVp from radiation 
control for improving the radiation output characteristics. measurements have proven to be useful. Currently popular 
This device, which is capable of handling several radiation 15 method of kVp evaluation is based on radiation measure- 
induced and non-radiation based signal inputs, combined ments using differential methods. The kVp measurement, 
with novel data sampling and processing methods, provides ideally, should be performed for the whole exposure. Several 
a self -consistent method of measurement for every single designs have set a practical limit on the inclusion of expo- 
x-ray exposure. sure data for 100 milliseconds to 300 milliseconds. Actual 

20 exposures, as per generator specifications can be as long as 

BACKGROUND OF THE INVENTION 10 seconds. Exposure stability problems could appear in a 

X-ray imaging is a popular clinical diagnostic imaging lon S exposure, as x-ray tubes become gassy. Thus exposure 

modality. X-rays cause damage to tissues due to their " Umc lunit for * V P measurement leaves critical problem 

ionizing power. Image quality is fundamental to diagnosis ^ areas unattended. 

while minimal x-ray exposure reduces patient radiation risk. Among the inputs to the performance evaluation 

In order to effect these twin goals, government bodies and apparatus, two classes of signals are involved. Signals from 

professional organizations have enacted performance stan- x-ray assembly are fast, following the generator frequency, 

dards for x-ray imaging systems. Performance of x-ray Signals from ionization chamber, mA meter, photo-timer 

systems is determined by measuring radiation. If a system is 30 output are integrated signals with less than 1 KHz band- 

found to be non-compliant with the expected standards, width. Signals from circuits for exposure start, exposure 

corrective action is taken and servicing of the equipment is terminate, rotor ready, filament ready etc. are, perhaps, 

performed. Service personnel use test devices to measure pulses with several seconds of delay between their occur- 

electrical signals and identify problems for correction. An rence. 

apparatus, which can provide both types of measurements, 35 SUMMARY 
would help quick service and recalib ration. Radiation based 

measurements, [ref. 12,9,7,6,5,4,3,1] currently used, include Accordingly, the present invention offers the flexibility 
kVp (kilovolts peak), mA (milliamperes), HVL (half value for measuring any combination of signals, thus advancing 
layer), radiation exposure [ref. 8,2,1], exposure time, and measurement procedures to technological limits, 
radiation waveform [ref. 12]. 40 This invention has accomplished to overcome the design 
X-ray energy spectrum is continuous, modeled by limitations by devising a suitable component architecture 
bremsstruhlung theory, with the highest energy of the spec- and implementation. Measurement limitations have been 
trum [ref. 11 ] determined by the peak applied potential kVp. removed by designing a multiple sensor inputs assembly and 
For the same kVp, different types of generators such as an automatic scan method to sample high frequency and low 
single phase, three phase six pulse, three phase twelve pulse, 45 frequency signals from radiation sensors and electrical inter- 
single phase medium frequency (variable), or high fre- faces in the same exposure. Suitable computational proce- 
quency inverters would produce different energy distribu- dures have been developed to arrive at accurate performance 
tions. The mA determines the intensity or number of x-rays parameters and waveforms of the x-ray generator. Thus, this 
of an exposure without changing the energy distribution of invention has succeeded in achieving self-consistent perfor- 
x-rays. Since kVp can not describe the energy of radiation 50 mance parameters of x-ray system. In addition to perfor- 
due to the spectral distribution, measurement of Half Value mance evaluation, this apparatus is useful for optimization 
Layer (HVL) representing the effective energy with respect of patient entrance skin exposure and image contrast. This 
to attenuation by aluminum is necessary. This is usually apparatus can be extended to feed performance information 
obtained using data in several separate exposures of radia- back to generator control for on line adjustments for 
tion output placing different thickness of aluminum filters in 55 improved performance levels for accurate x-ray imaging 
the path of radiation. This measurement procedure requires applications. 

the x-ray generator is working under reproducible condi- In general, a system is provided that includes a multiple 

tions. This assumption is questionable, particularly in the sensor assembly, a filter assembly, and a processor assembly, 

context of quality control testing. If we have determined the The multiple sensor assembly has a plurality of radiation 

distribution of applied voltage and attenuation of radiation at 60 sensors arranged to receive a radiation signal from a radia- 

each voltage for several thickness of filters, for the same tion generator. Each radiation sensor has a sensor output for 

radiation exposure simultaneously, then we can compute providing a radiation sensor signal to the processor assem- 

H VL consistently. In order to accomplish the above bly. The filter assembly has a filter panel for at least one of 

measurements, several novel design concepts have to be the radiation sensors with each filter panel having an asso- 

developed and implemented. 65 ciated radiation sensor and being operably interposed 

From a servicing point of view, rise time of x-ray between the radiation generator and its associated radiation 

exposure, pulse overshoot, and any high voltage breakdown sensor. The processor assembly is operably connected to the 



03/11/2004, EAST Version: 1.4.1 



US 6,454,460 Bl 

3 4 

multiple sensor assembly to communicate with the multiple be fed to PGIA and digitized in real time along with the 
sensor assembly in order to receive the radiation sensor radiation sensors of the multi-sensor assembly. Service 
signals for evaluating the performance of the radiation engineers require many of these external signals for trouble- 
generator, shooting and servicing. Thus the present invention combines 

In one embodiment, the invention includes (1) a multi- 5 the functions of traditional x-ray quality assurance (QA) 

sensor assembly, (2) personal general purpose computer devices and oscilloscope and excels in performance by 

controlled electronics for signal conditioning and acquiring these waveforms in real-time. In one embodiment 

optimization, (3) a personal computer interface card that of the invention, an integrated database is used; it can 

includes a programmable gain amplifier, multiplexer, contain stored information of the following: (1) Calibration 

analog-to-digital converter and digital input-output 1Q system details and performance characteristics, (2) Calibra- 

interface, (4) a personal computer with storage, (5) an tion curve parameter fits, (3) Sensor and electronic signal 

application software or firmware for x-ray system perfor- control and optimization information, (4) Information 

mance evaluation and (6) personal computer compatible related to data acquisition signal order, sampling interval 

input and output devices. The multi-sensor assembly between successive sensor signals, sampling period, and 

includes several x-ray sensitive sensors, which are substan- data acquisition duration, (5) External signal conditioning 

tially more efficient [ref. 18,14,13,1] for x-rays than simple 15 and control information, (6) Information related to perfor- 

silicon photodiodes. This is accomplished either by optically mance parameter accuracy and permissible deviations per- 

coupling silicon photodiodes with x-rays- to -light converting taining to regulatory requirements, (7) Information of mea- 

screens or materials used in radiography and fluoroscopy or sured performance parameters and waveforms to produce 

using large area photo-conductive devices. The sensor performance trends of parameters, (8) Information on diag- 

devices are operated with bias and with device output 20 nostics of performance or trouble-shooting of tested x-ray 

optimized by load resistors. The computer controls the system, (9) Information on solutions or tips to overcome the 

operating conditions and load on the sensors, through soft- performance problems, (10) Information on optimizing the 

ware and analog switches, depending on the signal and prior entrance air kerma or patient dose for the x-ray system under 

knowledge of x-ray system test conditions available from an test based on the measured performance parameters and 

integrated database. The system has the capability to deter- 25 theoretical parameters simulating x-ray system 

mine optimal operating conditions of signal level, noise, and characteristics, and (11) Information on the corrections of 

bandwidth for each exposure, set the correct conditions, and performance parameters due to variations of x-ray system 

collect signal data under optimal conditions. Each sensor is characteristics between calibration system and x-ray system 

independently optimized, amplified, and digitized without under test. This database information is used automatically 

any specific electronic configuration determining the appli- 30 for the operation of this apparatus, 

cation of a particular sensor for the purpose of a parameter This invention accomplishes several functions based 00 

measurement such as kVp, kerma or exposure, time etc. x-ray system tests: (1) Regulatory compliance and QA 

Each sensor signal is amplified with a fixed gain. At the checks, (2) System performance diagnosis and guidance for 

time of digitization, the signal is amplified by a program- solutions, (3) System optimization in terms of patient 

mable gain amplifier (PGIA) and digitized to, say, 12-bit 35 entrance skin exposure or air kerma, (4) Optimization of 

accuracy. The computer controls the gain of PGIA for the x-ray exposure techniques, and (5) Optimization of image 

sensor signal, through software on the current and prior contrast. This apparatus is also a novel tool for service 

knowledge of x-ray system test conditions available from engineers for interactive calibration and adjustments of 

the integrated database. The system has the capability to x-ray systems, such as general radiography, mammography, 

determine optimal operating conditions for each x-ray 40 fluoroscopy, angiography, cardiography, and single plane 

exposure, set the correct conditions and digitize signal data and biplane special procedure systems, 

under optimal signal conditions. An integrated spreadsheet permits creation of standard 

Sensor load, amplifier and PGIA cause an offset voltage and custom styles or formats for reports, which may include 

signal. This offset requires cancellation before digitization text, tables, and color graphs. Processed results are auto- 

so that actual radiation induced signal can be measured 45 maucally presented as reports in spreadsheet style. User can 

accurately without sacrificing the dynamic range of the choose the graphs of interest from a dropdown list and resize 

analog-to-digital converter (ADC). Offset cancellation is as required for the report. Reports are displayed on the 

accomplished by using differential inputs to PGIA with screen and are available for hardcopy output through any 

signal input and input from a digital-to- analog converter PC-media. 

(DAC). When there is no radiation input, sensor signal is 50 The present invention has implemented a system of 

digitized and using this value the DAC is set with digital self-consistent measurement of x-ray system performance — 

values to produce output voltage close to the offset. This automatically measuring kVp, HVL, kerma, exposure time, 

process is continued iteratively to achieve a minimal offset and all related waveform parameters such as rise time, 

of the system including ADC by software control from the ripple, fall time, spikes, break-downs etc., in a single x-ray 

computer. A FilterPak including radiation filter elements is 55 exposure. This is a fundamental part of this invention. This 

placed in a fixed position assembly intercepting x-rays method overcomes the uncertainties in determining perfor- 

reacbing sensors. The choice of materials and the thickness mance parameters using several separate x-ray exposures, 

of the filter element is performed depending on (1) x-ray Multi-sensor arrangement in conjunction with suitable Fil- 

application such as general radiography, dental radiography, tcrPak helps acquiring self-consistent radiation data for 

mammography etc., (2) type of x-ray tube such as tungsten 60 evaluation of parameters automatically. Using appropriate 

anode, molybdenum anode etc., and (3) type and thickness FilterPak, the self -consistent evaluation method is appli- 

of added filtration. The number of filter elements and sensors cable for any x-ray system used for general radiography, 

is decided based on the x-ray application and accuracy mammography, denial radiography, fluoroscopy, 

required for self-consistent determination of x-ray perfor- angiography, cardiography, and single plane and biplane, 

mance parameters. 65 special procedure systems etc. 

Inputs from external electrical signals such as kV, mA, In addition to regulatory checks of performance standards 

photo-timer, lightmeter, external radiation sensors etc., can of individual parameters, this apparatus analyzes systemati- 
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cally the performance parameters based on complete test. FIG. 2 shows a schematic view of one embodiment of a 

Behavior of x-ray tube output, HVL, relative mA, pulse filter assembly and a multi-sensor assembly arrangement, 

frequencies in radiation waveforms, ripple, and rise and fall f\Q 3 snows a block diagram of one embodiment of a 

time values are considered with respect to, for example, with sensor assembly interfaced with a processor assembly, 

respect to kVp are considered for any substantial change to 5 n , . , . - 

identify any corrective or preventive steps. This would have , FIG 4 ^ ow * a flow <*"» de P lcUn S a rou,me for °P ta " 

an appreciable impact in early diagnosis and suitable pre- naizing a sign . 

ventive maintenance avoiding surprise system failures and FIG. 5 shows a flow chart of a routine for performing a 

saving costs. test on a radiation generator. 

By choosing suitable material and thickness mimicking 1Q FIG. 6 is a flow chart depicting a scan parameters opti- 

tissues for the FilterPak, image contrast performance of mization procedure for x-ray exposure, 

x-ray system can be studied for exposure without using film. piG. 7 is a flow chart depicting a self-consistent evalua- 

This device permits image contrast evaluation using sensor tj on procedure using a single x-ray exposure 

signals quickly and accurately for range of operation of the FIG. 8 is a flow chart of a reports generating procedure, 

system. I neoretical guidance using measured data is ottered e 

for optimizing contrast by selection of suitable kVp, and 15 FIG 9 * a samphng diagram of a sensor signal, 

added nitration material and thickness. At the same time, FIG. 10 shows a timing diagram of signals in a typical 

patient entrance skin exposure or air kerma is also reduced signal acquisition sequence and processed waveform, 

by choice of appropriate added filtration material and thick- FIG. 11 shows a timing diagram of signals in a typical real 

ness. This approach to optimization of contrast, technique tjme acquisition scan for pulsed film or digital camera 

(kVp) and patient exposure (dose) using FilterPak is appli- 20 j mag j ng us i ng ra diation and x-ray generator control/ 

cable to any x-ray system used for general radiography, interface 

mammography dental radiography, fluoroscopy. " flQw chan a ^ oa and m&] 

angiography, cardiography, and single plane and biplane, . . & 

special procedure systems etc. This optimization capability Sl g na processing proc ure. 

is also a unique aspect of the invention. In combination with 25 FIG ' 13 * a fiow chart depicting a procedure for on-line 

system performance evaluation capabilities, this apparatus generator control based on radiation performance and prepa- 

provides a simple and practical method to improve the ration of P atient exposure and system diagnostics reports, 

imaging performance of the x-ray system while minimizing FIG- 14 is a schematic diagram of an apparatus set up for 

patient dose. ESE aQ d contrast optimization testing. 

The present invention is capable of self-consistent per- 30 FIG. 15 is a flow chart of an optimization of contrast and 

formance evaluation for radiographic x-ray exposures ESE testing method. 

(radiation pulse) and fluoroscopic exposures (continuous FIG. 16 is a sample of a single exposure report from one 

radiation). For fluoroscopy, determination of kVp, exposure embodiment of the present invention, 

(dose) rate, HVL etc. are performed simultaneously. In DETAILED DESCRIPTION 

addition, stability of these parameters over a period of 35 

several minutes can be determined as well. For x-ray With reference to FIGS. 1-3, one embodiment of an 
systems, which use film camera (70 mm, 105 mm, cine evaluation system is shown that includes a multi-sensor 
camera etc.) or digital camera this apparatus measures assembly 1 and a processor assembly 1000. Multi-sensor 
self-consistent performance parameters for each exposure assembly 1 includes solid state radiation sensors 5, computer 
pulse of the complete exposure including several pulses. 40 and PC-card controlled electronics 7, external electrical 
Stability, mean and deviations of self-consistent parameters si g Qal m P^ s 6 > and interface 8 to PC-card including analog, 
of exposure pulses over the whole run are also evaluated. di g ital in P ut and out P ut signals, power supply and control 
Waveform analysis is also performed for the whole exposure signals. Radiation sensors 5 include either a silicon photo- 
run with the same data d i° dc Dascd ^embly or photoconductive device. The sen- 
For correct operation of an x-ray system, a specific real 45 sors are enhanced such that x-ray absorption and energy 
time sequence of several electrical signals from generator transferred to produce signals or detector kerma is matched 
control and generator system component interfaces are to x-ray imaging detectors such as screens m x-ray cassette 
required by design. Acquiring these electrical control and The P ro P crt y ° f reasonably matching x-ray response of 
interface signals along with radiation signals would help se f DSor l ° in W detec *\ rs t ref ' 18 J e *»* 
quick inspection, calibration, and trouble-shooting of the 50 of this assembly for evaluation of image contrast. Several 
x-ray system. The present invention offers a method of ^ s ^ nsors together in an arrangement so that 
assessment of real time signal sequences of electrical and ^ total area of placement is a minimum. When the sensors 
radiation signals, and evaluation of time intervals, delays ex P osed to x-rays the beam intensity variation within the 
and self-consistent radiation based parameters for every senso ' s ar * a 15 ra,D,raa, c T ^ X P^*ent * presented in 
x-ray exposure sequence. 55 FIG. 2. Multisensor configuration is an aspect of this inven- 

Thc present apparatus provides several types of so ftcopy ^°^* . , 

and hardcopy reports based on measurements, and theoreti- S f nso[ ? ■» based 27 and operated m i photoconductive 

cal simulated parameters: (1) Single exposure report for mode wim a loadresistor 2^ 

each x-ray exposure, (2) Summary report of a complete test, and °aodw,d.h. The specially designed circuit FIG. 3 uror- 

(3) Trends of parameters over several past tests, (4) System « P™*? anal 1 0 g switches controlled via Digital nput Output 

Diagnostics report, and (5) System solutions report. Each (° 10 ) sl S nsJs c of PC ; ca <, d mterfwe 8. Signa ] selection infor- 

report may include waveforms, as selected by user. Reports "n^ 00 * configured and stored in database 40, 41. 42, 43 for 

are customizable as welL °P limal performance. On fine optimization of sensor per- 

formance FIG. 4 using PC-card interface, and database, by 

BRIEF DESCRIPTION OF THE DRAWINGS 65 software or firmware is a fundamental part of this invention. 

FIG. 1 shows a block diagram of one embodiment of an This solid state sensor assembly is used for self-consistent 

evaluation/calibration system of the present invention. measurement of all radiation-based parameters kVp, kerma 



03/11/2004, EAST Version: 1.4.1 



US 6,454,460 Bl 

7 8 

or exposure, kerma rate, HVL etc. Prior art [ref 1] uses to be a fraction of the x-ray generator period T G . In general, 

different detectors for kerma and kVp and do not measure the following relationship will be set: 

HVL for the same exposure. The sensors in the present N (T P +T / )«T S «T C?J where N is the number of signals 

invention are multi-purpose and not hardware configured, as processed. 

in ref. 10, for any ooe specific parameter measurement such 5 When all signals are sampled simultaneously, then T^O; this 
as kVp, or kerma or HVL by circuit design. The realization requires multiple ADCs and corresponding analog and digi- 
of on line optimized general-purpose sensor assembly for tal circuit overhead. The present invention uses a general- 
self-consistent evaluation of x-ray system performance a key ized approach where the above relationship can be enforced 
aspect of this invention. as the specific measurement demands based on the test, 

Specially designed sensor assembly electronics FIG. 3 io parameter, generator, and technique parameters. Procedure 
include a fixed gain high bandwidth amplifier 23, DAC 24 for scan optimization for acquisition 190 is presented in FIG. 
and load resistor 21 for each sensor, and power supply. The 6- Scan optimization is performed for each exposure. It is 
output of amplifier and DAC is fed as differential inputs to important to note the types of scan optimization for single 
PG1A of the PC-card 2. PC-card interface S handles ampli- pulse exposure, and continuous exposure as in fluoroscopy 
fied sensor signals 25, DAC signals 26. External Signal 15 exposure including several radiation pulses with non- 
Inputs 6 and other DIG control signals. Use of an interface radiation intervals as in angiographic imaging. Scan param- 
for high bandwidth sensor signals, DAC signals, control eters are selected 55 based on selection of protocol 52, test 
signals and power signal is an important part of this inven- 53, techniques 54 equipment 30, application 31 such as 
tjon. radiography, fluoroscopy, angiography etc., generator type 

Oflset Optimization procedure 94 as in FIG. 4 is accom- 20 51 > knowledge stored in Database 56. The parameters 
pushed by digitizing amplified radiation signals 25 when » ^ to pc : card 2 from P £ via PC-interface 9. The 
mere is no radiation exposure. The digitized value is scaled digitized data is sent 58 to PC from PC-card via fast 
suitably and corresponding DIO signals 36 are sent to DAC PC-interface 9 during the exposure. It is important that the 
via interface 8. This novel approach provides offset cancel- interface can handle the required for loss-less data transfer, 
lation for the analog sensor signal for that gain including any 25 ^ capability to acquire, transfer, store and process corn- 
offset voltage due to ADC, PGI A, fixed gain amplifier, and P lete ex P osure sam P les irrespective of length of exposure for 
sensor dark current at operating load conditions. DAC radiation based signals and external signals as well at the 
adjustment is accomplished using DIO signals until offset same time is an r other important aspect of this invention 
for that sensor signal or channel is a minimum. ^ P rior art 7 > 16 ] ^ d the first few (<* ^gh as 50 ) 

^ ■ cn^rx ■ r ■ j ne ■ ct/- a c u 30 milliseconds of the x-ray exposure to adjust the signal 

Gain of PGIA is optimized 95 as in FIG. 4 for each x-ray . . J . \ ... / ... ^ 

«-i-»t • i . pc 4 j • • r optimization parameters and not use this part of the exposure 

exposure. 1 ins approach to onset and gam optimization or _ r r , .. . . r ... . 

■ i n » u m Ai a\ t for any other evaluation. An important problem with this 

every sensor signal using Database 40,41,42,43 of optimal J , . . .. . . • . a ■ 

T ' . & . TJ % 1 A n . i j r approach is that if the radiation output is not proper dunng 

Load Resistor values, PGIA Gam values, and a means ol c ^ . . CAt _ r r . . . ~ 

iteratively updating and of evaluating optimal values 39 the the , flrst P art : *• rest of measurement ,s turned 

f v 6 • tii j • f Anr 35 useless due improper signal optimization requiring repeated 

for each exposure permits full dynamic range ot ADC, . f * & f. r . n 

. . f / . . , : r . ? , . . exposures without any results for prior exposures. The 

minimal background signal and noise amplitude, and mini- r ^ : * r . 

& > c t * tv- ■ u • * f#u- present invention clearly overcomes the problem.. It is no te- 

mizes any effect of temperature. This is a basic part of this r , u e ui 

^ , . f . A t . . 4 . . , . . , ■ worthy that if a generator has performance problems, it 

invention. The logic of signal optimization is sketched in ■ r . T.u * * * , . . 

. & & ^ would show up at the start of exposure. That is why an 

' ' , , . . , , 40 optimization, based on Database of knowledge and prior 

Signals from radiation sensors in assembly 25 and corre- perforraanoe p arame ters, is a significant aspect of this inven- 

sponding DACs 26 and external electrical signals 6 are £ 

suitably ampUfied digitized and data transferred to PC via ^ ^ 54 mvolves delerminalion of wvcril perfor . 

interface 10. The digitization or sampling and data tramfer mance amelers depe nding on the test. Each exposure 

^^TSf^^ 8 ? 1 '^ 4S rec l uires evaluation in some tests. Thus there are single 

art [ref. 7,2] in this field had used digitization of signals Ufe ^ rep0ft and Qtner types of report 

continuously in a fixed frequency. In many cases, the sam- Besides radiographic p aramet er evaluation 60, the analysis 
phng frequency was fixed for the whole operation of the of raw sj . 61 lhemselves vide insights of me 
apparatus irrespective of what type of generator the appa- pei { OTm ^ nc&y problems and service of the system. In the 
ratus is measuring. Many of these apparatus had sampling 5Q - ^ [fef 15] SQme of (he radiographic paramet ers are 
frequency m the range of 10 kHz Tie present invention uses evaluated ^ one ^ and some of ^gnal analysis is 
an adaptable samphng method shown m FIG. 9, with erformed OQ another exposure. The present invention 
sampling frequency depending upon the generator type 51, accomplishes 5olh paramel er and signal evaluations for each 
and number of signals (1,2,3,4 etc. in FIG. 9) to be sampled. exposure> so lhose pro blems can be identified in a self- 
Real time sequential adaptable sampling method include 55 consistent manner. The evaluation is called self-consistent 
three intrinsic time setting for samphng of all signals: because all the simultaneous performance parameters asso- 
T P , sampling period for a single signal; dated with x-ray system are processed in one exposure 
T 7 , time interval between sampling of two successive while according to tradiuonal methods those are evaluated 
signals; using data from several exposures thereby introducing 
T 5 , time interval between sampling of the same signal, 60 uncertainties just due to measurement method itself. The 
called Scan Period. self-consistent measurement method determines true value 
A single Acquisition Scan include several scan periods. of performance parameters. This is a fundamental difference 
Database incorporates tables 56 of optimal scan and sam- in philosophy and implementation of this invention, 
phng parameters in terms of intrinsic time settings for each Procedure for determination of self -consistent perfor- 
test and application. The settings determine amount of 65 mance parameters is presented in FIG. 7. Knowledge of the 
overall data collected and number of points required achiev- following items stored in database as entered by user first 
ing maximum accuracy. It is important to set the scan period time they use a system for test: 
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FilterPak materials and thickness 74, 

x-ray tube parameters 67 such as anode materials and 
anode target angle, 

x-ray tube window 69 material composites made of glass 
or beryllium and inherent filtration, and 

added filtration 71 material and thickness. 
Correction of measured parameters 70 for inherent filtration 
108 and added filtration 109, together with corrections 68 
due to anode target material and angle provides a complete 
set of calibration corrections. 

Since several sensors are used for acquisition, their data 
is first normalized 75 to account for variations in their 
sensitivity for radiation. Using the FilterPak information 
from database, 74 x-ray system performance parameters are 
determined. All sensors are sampled the same manner with- 
out dedicating any for a particular parameter. It is the 
FilterPak 110 material and thickness 100, 101, 102, 103, 
104, 105 in a particular position that determines the attenu- 
ation of x-rays that reach the sensor. Depending on the 
application such as radiography or mammography, FilterPak 
material and thickness in each position is different. Thus 
FilterPak is designed for optimal attenuation and range of 
HVL for the specific application. One FilterPak 110 covers 
the range of a complete application. 

FilterPak placed in position over the radiation sensors 
such that material in FilterPak at position 100, 101, 102, 103, 
104, 105 intercepts x-rays reaching only one sensor com- 
pletely. For example, no material may be present at position 
100; material at positions 103, 104 and 105 could be 
aluminum of different thickness sufficient to evaluate HVL 
for the application; material at positions 101 and 104 can be 
made of a material with considerably higher atomic number 
differing in thickness. Sensors 500, 501, 502, 503, 504, and 
505 corresponding to FilterPak materials 100, 101, 102, 103, 
104, and 105 produce signals for evaluation of parameters 
using method of differential attenuation or ratios of signals 
and knowledge from database 74. 

An important difference between prior art [ref 9,7,2,6, 1, 
4,5,3] and the current invention is that a parameter can be 
calculated using several different ratios using data from 
different pairs of sensors and most accurate of the values is 
selected for the parameter. For example, for kVp determi- 
nation 62, ratios of 501 and 500, 502 and 500, 502 and 505, 
501 and 504, 504 and 501 would be evaluated. Depending 
on the ratio value and quality of data optimal one would be 
used as kVp before any correction is applied. In this method, 
if the set kVp and measured value were quite different, still 
measured value would be produced without requiring any 
other filter set up. The present apparatus is ready to measure 
an optimal parameter value for complete range of kVp 
within the application for every exposure irrespective of 
operator setting on kVp. Thus the design of FilterPak and 
Multi-sensor Assembly helps to evaluate complete range of 
an application at every exposure for self-consistent param- 
eters kVp, HVL, kerma or exposure, time and other derived 
parameters without changing filter set up internally or exter- 
nally. This is an important design aspect of the present 
invention. 

A new approach to HVL measurement 63 has been 
achieved in this apparatus. At least, four sensor data can be 
used to evaluate HVL from a fitted function automatically 
for each exposure. The following is a brief description of the 
method: 

Let signals 500, 503,504, 505 correspond to aluminum 

filter thickness to, \ lt t^, tj in mm. 
Let ratio t l9 r 2 , r 3 correspond to ratio from data of signals 

503/500, 504/500, 505/500. 
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Consider a polynomial function, 1(0=00+0:, f(r)+C4(r) where 
t represents thickness corresponding to ratio r and f(r) is a 
suitable function using ratio r as an independent variable. 
Note that for l(r o =l)=0, for filter 100 corresponding to signal 

5 from 500. Using value t lf t^, ^ from FilterPak database 74 
and ratios r a , r 2 , r 3 from measured data the polynomial 
function can be fitted by any typical method. The values of 
thickness t in FilterPak 103, 104, 105 may cover the range 
of HVL for the range of kVp applicable. Multi-sensor 

10 assembly and FilterPak design do not limit the number of 
sensors or thickness. It is easy to implement a number of 
sensors and FilterPak thicknesses as needed. An example 
polynomial function, t(r) is given above but any suitable 
function or any degree function can be used for fitting 

15 depending on the data available. From the fit, the coefficients 
a 0 , 04, etc., are determined. Then setting r=0.5, HVL is 
calculated from t(r //vz =0.5). By setting r=0.1 tenth value 
layer or any required thickness can be calculated depending 
on the thicknesses used and data quality. Basically the 

20 method adopted is flexible, accurate, requires a single 
exposure, self-consistent and unique aspect of the invention. 
Traditionally HVL is evaluated based on radiation exposure 
or kerma for the whole exposure. In the present apparatus 
this achieved by integrating data for the whole exposure 

25 from individual samples. It also possible to produce HVL 
waveforms by applying the same method to samples 
matched in time. HVL waveforms can indicate problems due 
to kV-waveform shape variations. The traditional HVL value 
may not be as sensitive to kV-shape variations as much as 

30 the HVL-waveforms. Ability to produce HVL waveforms is 
another unique aspect of this invention. 

Determination of kerma in the present apparatus is per- 
formed from the solid -state sensors without using ionization 
chambers. Since all standards of kerma measurement require 

35 kerma using ion chambers or kerma AjV we have to relate the 
measured sensor kerma or kerma,^. 

Writing the relationship as, kerma Al> -kerma^ rtX (kV 
(time), HVL) Note that kV is a function of time or instan- 
taneous sample and kerma is a function of both kV and 

40 HVL. This functional relationship is obtained by calibration, 
then kerma At> is calculated using measured kV waveform 
and HVL. Thus corrections for variation in energy and beam 
quality are achieved in one step since both these values are 
readily available for each exposure. This is another unique 

45 aspect of this invention determining kerma^,,. corrected for 
energy and beam quality using a solid-state detector. 

In the prior art [ref. 4], the design used radiation sensor 
data without any filtration to determine relative mA. The 
relative mA values obtained 65 in this approach would be 

50 sensitive to x-ray energy distribution and filtration at any 
kVp. If the data from heavily filtered beam is used for this 
purpose, the effect of energy distribution and filtration on 
mA value would be a minimum. If calibration of the sensors 
501 and 502 with corresponding heavy filtration 101 and 

55 102 were performed for mA in the kV range of the 
application, this would work as mA value for most cases. 
Even for system where mA varies, normalization of the 
measured relative mA value with a directly measured mA for 
one mA-position, will yield calibration for that system. Note 

60 that mA is defined as the average current. Since we have the 
waveform, we evaluate shape, frequency and average value 
of mA waveform. Thus, it is possible to obtain mA value 
using the present apparatus with a simple normalization. 
This is another aspect of the present invention. 

65 The present invention implements a novel approach to 
application of corrections compared to the prior art [ref. 17]. 
For example, consider a calibration x-ray system with an 
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added filtration of 3 mm aluminum. The system evaluated at and 113 is KV- waveform calculated from radiation sensors 

the site may have an added filtration of 4 mm aluminum. 5. FIG. 10 represents a typical display of waveforms on the 

According to prior art, correction for added filtration is done display medium or monitor. The waveforms are presented 

using experimentally measured and stored value of correc- against time. In order that the system operates according to 

tion for some specifically selected cases. If the site test 5 design specification several sequence and shape criteria of 

system does not match the any stored conditions of added waveforms must be met in real time sequence of events. For 

filtration, operator is requested to remove and adjust the example, at time ^ so exposure starts as seen from signal 

added filtration to match the calibration conditions for the m . at ^ Tj signal m ramp ^ above threshold and builds 

purposes of specific tests. From this it is evident that the up until it reaches a predetermined level at time t 2 ; 

calibration parameters depend on the components of the 10 However, radiation exposure continues for some more time 

x-ray system used for calibration. Another key factor that is un(il ^ ^ the present device enables evaluation of 

not corrected in the prior art is the dependence of pcrfor- intervals and shapes of waveforms to verify or service 

mance parameters on the anode composition and anode ^ systcm . The rise time Rr, fall time K d of the radiation 

target angle. It is known that the anode target material waveform, K r and K d from calculated kV-waveform is also 

composition and anode target angle influence the x-ray 15 presented. Several systcm problems can be assessed, by 

energy spectral fluence. Since we depend on the differential viewing the waveforms in time sequence, and ability to 

aUenuation ratio for kVp determination, the kVp calibration determine intervals and shapes for system diagnosis, 

would depend on the x-ray energy spectral fluence. Then this FIG. 11 illustrates another real time acquisition scan 

calibration factors if applied on a x-ray system with a example for multi-image radiation exposure such as used in 

different anode target material composition or anode target 20 an gj 0 g r aphy, cine imaging etc. Radiation signal 120 has 

angle would introduce an error that depends on the vana- several exposure pulses XI, X2, X3 etc. In order to achieve 

lions between calibration x-ray tube and site x-ray tube. reliable images, stability of the radiation signal mean 

For the calibration system let a component value be M amplitude, Rmean, and deviation, Rdev, for all pulses is 

yielding a parameter of C after a measurement. At a site, the important. In KV signal 122, with corresponding pulses Kl, 

corresponding component has a value M\ The parameter 25 K2, K3 etc., the similar signal parameters are Vmean and 

measured at the site using the previous calibration yields a vdev i t ^ US eful to verify or service that the imager (film 

value C. Some components such as added filtration can be camera, digital camera etc.) ready signal 121 length is wider 

tested on calibration system can be tested and correction man exp0S ure pulse and the intervals DL1, DR1, DI1 are 

factor can be obtained for equivalent conditions. But param- sufficient according to specifications. DL1 assures x-ray 

eter such as anode target angle can not be accounted for like 30 6X p 0SUre starts after imager is ready and DR1 waits until 

that. Hence a fresh approach is required using either theory exposure pulse is completed. The inter-pulse intervals DU, 

or measured data. It is possible to simulate a x-ray energy DI2 etc . guarantee that images do not overlap. The stability 

spectral fluence from theory or from available tabulated data 0 f ^ esQ intervals is crucial for correct operation of the 

of the same for some cases. With this method, let the system. Thus the present invention is capable of evaluating 

simulated parameter corresponding to C be S and corre- 35 tj me and performance relationships between interfaces and 

sponding to C be S\ x _ rav source in terms of radiation and electrical signals. This 

Let the calibration function be F(M,C). capability is a unique aspect of this invention. 

Site parameter C =F(M,C) D(M*) where D is measured Signal and sequence analysis 61 includes three processing 

data at site with component M'. paths: processing of radiation signals 133, 134, 135 of the 

Corrected site parameter C M «F(S', S) C=F(S', S) F(M,C) 40 Multi-Sensor Assembly, processing of external signals 136, 

D(M% 137, 138, and interactive processing of any signal waveform 

The transformation function F(S\ S) corrects the calibra- 130 by the user. Processing procedure 133 is similar to 

tion function F(M,C) for the component variation M'. This single exposure evaluation method 72 and procedure 134 is 

method is general and applicable to any performance param- similar to single exposure evaluation methods 75, 62, 63, 64, 

eter evaluation. It is important to note that F(S\ S) involves 45 65, 66 with corrections. Processing of external signals 136 

relative change in the parameter and it is not necessary that and 137 has been outlined with reference to FIGS. 10 and 11. 

absolute values of S* and S are required. Performance In procedures 133, 134, 136, 137 multi-pulse processing is 

parameter values are finalized 66 after corrections are accomplished using single exposure processing methods, 

applied 68, 70 using database knowledge 67, 69 and 71 to Procedures 135 and 138 compute global performance 

account for changes due to components of calibration x-ray 50 parameters for the multi-pulse exposure with reference to 

system and evaluation at site. This correction method is a stability of values such as means, deviations, intervals from 

unique aspect of this invention. parameters evaluated for each pulse. Based on above 

In addition to the above parameter computations, same analysis, signal performance report 131 and diagnostic 

acquisition data is used for waveform analysis. Waveform is report 132 are produced. Diagnostic report 132 deals with 

automatically processed 72 for shapes of rise and 55 problems and solutions. To accomplish this, information 

termination, pulse peaks, valleys, breakdowns, overshoots, from database of Acceptance and previous tests 139 00 the 

exposure time etc. Thus complete evaluation 73 of perfor- same equipment, from database of design specifications 140 

mance parameters and waveform analysis is achieved in a and from simulated parameters specific for this system 141. 

single exposure in a self-consistent manner. The processing flow is sketched in FIG. 12. The multi-pulse 

A unique aspect of this invention, not present in the prior 60 multi-signal processing and producing signal analysis and 

art, is the capability for signal and sequence analysis 61 for diagnostic report is a key aspect of this invention, 

signals from radiation sensors 5 in Multi-sensor Assembly 1 Using high frequency sampling, a multi sensor assembly, 

and External Signal Inputs 6. Consider signals 114, 111, 112, fast data transfer through PC-card and PC-interfaces, a fast 

113 in FIG. 10. Signal 114 is from radiation sensor, 111 is computer and software capable of processing data samples 

exposure control signal from x-ray generator control fed to 65 as soon as they are acquired, it is possible to control the 

external input 6, 112 is a phototimer output signal from x-ray generator by feeding the performance parameter infor- 

Automatic Exposure Control interface to x-ray generator, mation to the generator. This method is outlined in FIG. 13. 
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As exposure starts 150 radiation signals are scanned 151 or eters that require several exposures such as reproducibility 
sampled for a short time interval say 3 milliseconds and test. Trends report 83 includes values of each parameter 
required parameters are computed 153. On comparing 154 from previous tests as stored in database plotted to indicate 
with permissible range 156 of parameters, information is systematic drift of the parameter. Compliance report pre- 
sent to generator via a fast signal interface 155 such as 5 *zn\s evaluated parameter values with respect to the PASS/ 
standard computer ports, network or any direct dedicated FAIL criteria of a specific regulatory agency. This criteria is 
interface to evaluation system itself. The scan continues available from database 85 Report for a complete test 192 
until end 152 of exposure and stopped. Calculation of 157 mcludcs aU parameters evaluated from all exposures with 
patient technique radiation parameters and Patient Exposure suitable techniques for that particular test. Based on this 
„ ,ieou « n information, the system analysis report 86 is produced for 
Report 158 can be prepared inMantly using measures expo- io ^ rformance £ ^ a £ hole For P examplej lhe 

sure parameters. Id addition, if there was generator problems reduclion m om m of the syslem over , riod of lim 

during the exposure, a diagnostic report 159 is prepared to effects of mbe becoming ^ etc . A dia^c reporl 8 8 

help re-calibration or service. On line feed back of infor- ^ promlccd to outlinc pro blcm parameters in the whole 

mation to generator on performance during the exposure is application range of that equipment. As an end product of all 

a fundamental aspect of this invention. 15 lestS} analysis of results, identification of problems, potential 

By using a FilterPak 180 that has tissue or bone mimick- solutions reporl 90 would be presented using knowledge in 

ing materials for filters in positions 161, 162, 163, 164, 165 database 87 and design parameters 89. 

and 166, image contrast evaluation can be performed. As What is claimed is: 

illustrated in FIG. 14, the thicknesses of the mimicking 1. A system for evaluating a radiation generator having a 
material is different at positions. The range of thickness 20 means for generating radiation and a primary detector means 
would depend on the application to be evaluated. For for detecting the generated radiation during normal opera- 
example, for mammograpbic evaluation, the thickness of tion of the radiation generator, the evaluation system corn- 
filters may range from 2 cm to 6 cm of tissue mimicking prising: 

material or equivalent such as plastic. For abdominal radio- a second multiple sensor assembly, separate and distinct 

graphic evaluation, the thickness of filters may range from 25 from the primary detector means, having a plurality of 

15 cm to 25 cm of tissue mimicking material or equivalent radiation sensors arranged to receive a radiation signal 

such as plastic. Radiation sensors 5 detect x-rays penetrating from thc radiation generator, each radiation sensor 

through different thickness and produce signals correspond- havin g a scnsor 0Ut P ut for providing a radiation sensor 

ing to the transmitted x-rays. The image contrast is a signal, 

function of ratio of transmitted x-rays depending on thick- 30 a filter assembly having a filter panel for each of the 

ness. Consider image contrast for a thickness X, given by radiation sensors with each filter panel having an 

AI-(AV/AX),whereVisthesignal P roduced,AVi S change associated radiation sensor and bemg operably inter- 

. > ' . . ■ i a ^ a f posed between the radiation generator and associated 

in signal and AX is change in thickness . The function AI is radiation sensor- and 

a function of X, technique factor such as kVp, filtration of ' . . # . # . 1# . , 

.he system including inheren. filtration of x-ra^ -tubewindow 35 a r ^^J^^^^^ t ^ 2 

j ?• tl • . , .1 ■ \ t jx sensor assembly to communicate with the multiple 

108 and added filtration 109. The image contrast Al is related MCmbl ' whcrein 

to optical density of the film image. When the x-ray response the processor assembly reC eives the radiation sensor 

of the sensor assembly is matched to imaging screen in case signals for evahialing the performance of the radia- 

of film imaging or to image detector in case of electronic t j on generator, and 

imagers, the image contrast evaluation by this method yields 40 tne processor assembly further comprises a storage 

results applicable to clinical imaging. Using the apparatus device for storing radiation sensor signals, 

set up in FIG. 14 and procedure given in FIG. 15 using this 2. The system of claim 1, wherein the multiple sensor 

apparatus, image contrast and entrance skin exposure (ESE) assembly is capable of inputting a plurality of external signal 

to patient can be optimized. For measurement of ESE, an inputs. 

external radiation sensor 160 is placed above the phantom in 45 3. The system of claim 1, wherein the processor assembly 

the x-ray path and connected to external signal input 6. includes a data acquisition and control interface (PC-card) 

Optimization method involves measurement of image consisting of a Signal Multiplexer, Programmable Gain 

contrast and ESE and determining the operating conditions Amplifier, Analog to Digital Converter, digital input and 

kVp, mAs, and added filtration, for rxiinimum value of tube output control signals and a buffer, 

loading heat units (kVp, mAs product), for maximum image so 4 Th e system of claim 1, wherein the processor assembly 

contrast and minimum ESE. This method uses database .comprises software means for using information 

knowledge 93, 94, 95 and optimal technique. Following ston ; d u m * e processor assembly, for using information 

steps 171, 172, 173, 174, 175 the necessary data is collected avaJable * om data . obtained . fr ° m ™ mn *y ac ^ red 

for optimization. Parameters and waveforms are stored in signals, and for updatmg stored information after each data 

database 178 and report of measured parameters, graphs and 55 mt ? u ?i5 lon * - , . . ... tA . , 

optimal conditions are presented. This is a quick and accu- 5 - ™ c ^ ™ of clalm }• «*«?»«•«» multipte sensor 

rate method to optimize the ESE and contrast. This is mcludes * s,gnal cond.Uonmg cucuit for each 

. r • • ,_ f - radiaUon sensor, wherein the signal conditioning circuit 

another important aspect or this mvenuon. ' ^ b 

Generating automatic reports of analysis, diagnosis and mcu cs " 

potentials based on a single exposure, a single test, or for a so a ) biasm S 5605015 m photo-conductive mode of operation; 

summary of all tests is a key aspect of this invention. The D ) a load multiplexer; 

report is based on self-consistent evaluation 73 and wave- c) load resistors; and 

forms 74 that are stored. The report uses knowledge stored d) digital to analog converter (DAC). 

of several parameters 74, of simulation 87, design specifi- 6. The system of claim 5, wherein a load resistor is 

cations of generator system 89, regulatory compliance infor- 65 selected to change the output amplitude of sensor signals, so 

mation database 85. A typical single exposure report 81 is that suitable digital control signals are sent to the load 

given in FIG. 16. Test summary report 82 includes param- multiplexer. 
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7. The system of claim 5, wherein the output of the DAC 
feeding input to a Programmable Gain Amplifier (PG1A) can 
be changed by the act of sending suitable digital control 
signals to the DAC to minimize the offset signal to PGIA 

8. The system of claim 1, wherein the processor assembly 5 
includes software means for controlling the digital control 
signals sent to a DAC. 

9. The system of claim 1, wherein the processor assembly 
includes software means for setting the gain of a PGIA 

10. The system of claim 7, wherein the processor assem- JQ 
bly includes software means for scanning the signal inputs 

to the PGIA. 

11. The System of claim 1, wherein the processor assem- 
bly includes a method of configuring parameters for asyn- 
chronous sampling of each x-ray exposure such that the 
errors due to asynchronous sampling are minimized. 15 

12. The system of claim 11, wherein the parameters for 
sampling signals include at least three parameters: (a) sam- 
pling period (or frequency) for a single signal; (b) time 
interval between sampling two successive signals; and (c) 
time interval between two successive samples of the same 20 
signal (scan period). 

13. The system of claim 11, wherein the parameters for 
sampling signals are set sufficiently small by software means 
to permit transient spikes and breakdowns to be detected. 

14. The system of claim 11, wherein the parameters for 25 
sampling signals are set corresponding to the generator by 
software means for accurately reproducing radiation wave- 
forms. 

15. The system of claim 10, wherein the act of scanning 
the signals includes a method of optimizing parameters for 30 
every type of radiation exposure: single pulse (radiographic) 
exposure, continuous fluoroscopic exposure, and pulsed 
radiographic (or fluoroscopic) exposure. 

16. The system of claim 1, wherein the processor assem- 
bly includes software means for building a database of x-ray 35 
radiation generator characteristics acquired over time for the 
purpose of trend analysis. 

17. The system of claim 1, wherein the processor assem- 
bly includes software means for predicting x-ray generator 
failure. ^ ^ 

18. The system of claim 1, wherein the system is adapted 
for use on different types of x-ray generators and the 
processor assembly includes software means for optimizing 
the radiation sensor signals for the different types of x-ray 
generators including: 45 

a) single pulse; 

b) high frequency; 

c) angiography; 

d) continuous fluoroscopy; 50 

e) pulsed fluoroscopy; 

f) mammography; 

g) computed tomography. 

19. The system of claim 1, wherein the radiation generator 

is an x-ray generator and wherein the processor assembly 55 
evaluates the performance of the radiation generator by 
determining the Half Value Layer (HVL) of the x-ray beam 
after a single x-ray exposure. 

20. The system of claim 1, wherein the processor assem- 
bly evaluates kVp and HVL from a single x-ray exposure. 60 

21. The system of claim 1, wherein the processor assem- 
bly receives additional non-radiation based signals and 
evaluates a number of both radiation and non-radiation 
based characteristics of the radiation generator from a single 
x-ray exposure. 65 

22. A system for evaluating a radiation generator, com- 
prising: 



a multiple sensor assembly having a plurality of radiatioo 
sensors arranged to receive a radiation signal from the 
radiation generator, each radiation sensor having a 
sensor output for providing a radiation sensor signal 
and at least two of the radiation sensors having signal 
conditioning means for optimizing the signal condi- 
tioning during operation, the signal conditioning means 
comprising means for optimizing the signals for each 
x-ray exposure by generating digitized offset values 
when no radiation exposure is taking place, the offset 
values being applied during operating conditions, and 
means for iterative ly updating the gain of amplification 
means used to process the radiation signals; 

a filter assembly having a filter panel for each of the 
radiation sensors with each filter panel having an 
associated radiation sensor and being operably inter- 
posed between the radiation generator and associated 
radiation sensor; and 

a processor assembly operably connected to the multiple 
sensor assembly to communicate with the multiple 
sensor assembly and the signal conditioning means, 
wherein the processor assembly receives the radiation 
sensor signals for evaluating the performance of the 
radiation generator. 

23. A system for evaluating a radiation generator, com- 
prising: 

a multiple sensor assembly having a plurality of radiation 
sensors arranged to receive a radiation signal from the 
radiation generator, each radiation sensor having a 
sensor output for providing a radiation sensor signal; 

a filter assembly having a filter panel for each of the 
radiation sensors with each filter panel having an 
associated radiation sensor, at least two of the filters 
being of different thickness, and each being operably 
interposed between the radiation generator and associ- 
ated radiation sensor; and 

a processor assembly operably connected to the multiple 
sensor assembly to receive the radiation sensor signals 
from the multiple sensor assembly and to calculate, 
from measurements taken during a single x-ray 
exposure, the value of Half Value Layer (HVL) for the 
x-ray beam in order to evaluate the performance of the 
radiation generator. 

24. A method for measuring the Half Value Layer (HVL) 
resulting from a single exposure from ao x-ray generator 
comprising: 

interposing a plurality of sensors s 0 -s„, in the path of the 
x-ray generator; 

interposing between the x-ray generator and the plurality 
of sensors, a plurality of aluminum filters having dif- 
ferent thicknesses to-^; 

energizing the x-ray generator for a continuous exposure; 

measuring the remaining energy of the signals from the 
sensors after the x-ray beam has passed through the 
varying thicknesses tg-i,, of the aluminum filters; 

storing the measured signals as data; 

calculating the ratios rj-r„ corresponding to aluminum 
filter thickness tj-t 3 of each of the measured signals to 
the strength of the signal when the thinnest filter to is 
used as a reference signal; 

using values t 1 — t M , from the thickness of the filters and 
ratios r a -r„ from measured data to determine coeffi- 
cients Q_ n using a polynomial function, t(r)=a 0 +a 1 f(r)+ 
c^f^r) . . . a„f"(r) where t represents thickness corre- 
sponding to the calculated ratio r and f(r) is a function 
using each of the ratios r as an independent variable; 
and 
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calculating the Half Value Layer during a single exposure 
where r=0.5 and HVL is calculated from ^,,^=0.5). 

25. The method of claim 24, wherein the method further 
comprises integrating the data for the whole exposure from 
the measurement of the energy of the signals after the x-ray 
beam has passed through the varying thickness of aluminum 
filters. 

26. The method of claim 24, wherein the thinnest filter t 0 
is transparent to the x-ray beam. 

27. A system for evaluating an x-ray radiation generator, 
comprising: 

a) a multiple sensor assembly having four or more inde- 
pendent solid state radiation sensors arranged to receive 
a radiation signal from the radiation generator, each 
radiation sensor having a sensor output for providing a 
radiation sensor signal; 

b) a filter assembly having a filter panel for each of the 
radiation sensors with each filter panel having an 
associated radiation sensor and being operably inter- 
posed between the radiation generator and associated 
radiation sensor; 

c) a processor assembly operably connected to the mul- 
tiple sensor assembly to communicate with the multiple 
sensor assembly, wherein the processor assembly 
receives the radiation sensor signals for evaluating the 
performance of the generator; and 

d) a storage device operably connected to the processor 
assembly to store the radiation sensor signals. 

28. A method for measuring the Half Value Layer (HVL) 
resulting from a single exposure from an x-ray generator, the 
method comprising: 
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interposing a plurality of sensors Sq-s„ in the path of the 
x-ray generator, 

energizing the x-ray generator for a continuous exposure; 

determining a reference signal by measuring the energy of 
the signal received by sensor Sq; 

interposing between the x-ray generator and the plurality 
of sensors, a plurality of aluminum filters having dif- 
ferent thickness t 3 -t n ; 

measuring the remaining energy of the signals from 
sensors Sj-s„ after the x-ray beam has passed through 
the varying thicknesses tj-t n of the aluminum filters; 

storing the value of the reference signal from sensor so 
and the measured values from sensors s,-s„ as data 
calculating the ratios r a -r n corresponding to aluminum 
filter thickness of the strength of each the mea- 
sured signals from sensors s a -s n to the strength of the 
reference signal as measured by sensor Sq; 

using values tj-t„, from the thickness of the filters and 
ratios ^-r,, from measured data to determine coeffi- 
cients o_„ using a polynomial function, t(r)=a 0 +a 1 f(r)+ 
a^r) . . . a M F(r) where t represents thickness corre- 
sponding to the calculated ratios r and f(r) is a function 
using each of the ratios r as an independent variable; 
and 

calculating the Half Value Layer during the single expo- 
sure when r=0.5 and the HVL is calculated from 
tfo^O.5). 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,454,460 Bl Page 1 of 1 

DATED : September 24, 2002 

INVENTOR(S) : Naganathasastrigal Ramanathan and Vijay Ramanathan 



It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 10, 

Line 1, "t (r) = ao + (ii f(r) + a 2 (r)" should read -- 1 (r) = ao + ai f(r) + a 2 f 2 (r) - 
Column 12, 

Line 7, "at time t 0 so exposure" should read - at time t 0 exposure -- 
Column 18, 

Line 13, "signal from sensor so" should read -- signal from sensor s 0 - 



Signed and Sealed this 
Tenth Day of June, 2003 




JAMES E. ROGAN 
Director of the United States Patent and Trademark Office 
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